Objectives: To determine the output levels of a commercially available MPEG layer-3 (MP3) player and to evaluate changes in hearing after 1 hour of listening to the MP3 player.
I
T IS WELL KNOWN THAT EXCESsive occupational noise exposure can lead to noise-induced hearing loss (NIHL). Furthermore, the impact of recreational noise exposure on the auditory system is a cause for concern. This recreational noise exposure includes exposure to loud music or even participation in nonmusical activities (eg, practice of noisy sports). In the mainstream media, an increase in prevalence of NIHL owing to recreational noise exposure is assumed. The Third National Health and Nutrition Examination Survey, performed between 1988 and 1994, estimated a 12.5% prevalence of a noiseinduced threshold shift in at least 1 ear of 6-to 19-year-old US children. 1 Recently, however, no increasing prevalence of hearing loss among US young adults (age, 17-25 years) was reported for hearing tests performed between 1985 and 2004 . 2 This lack of hearing deterioration is most likely explained by the fact that recreational noise exposure is insufficient to cause widespread hearing loss. It is possible that recreational noise exposure occurs only for a small period in life, probably between 5 and 10 years. 3 Moreover, a greater public awareness of the potential harmful effects of recreational noise exposure might have increased the use of hearing protection and/or induced an alteration in noise exposure habits. It is also possible that it is too soon to detect the permanent effects of recent advances in personal music player (PMP) technology.
The technical evolution, from the introduction of the Sony Walkman to the MPEG layer-3 (MP3) player, has contributed to the current popularity of PMPs. There has been not only a miniaturization of the devices but also an improvement in storage and battery capacity as well as online availability of music and podcasts. Theoretically, PMP users are potentially at risk for NIHL because maximum output levels of digital music systems are reported to range from 100.0 to 110.5 A-weighted sound pressure levels (SPLs) (measured in decibels [dBA]) 4 or from 101 to 107 dBA 5 using real ear measurements or a head and torso simulator (HATS), respectively. Moreover, it was found that the maximum output levels were a mean of 5 dB higher than those for portable CD players. 5 However, the estimation of risk criteria should be based on user-preferred listening levels and duration of exposure. Risk assessment ranges from 0.065% to 30%. [6] [7] [8] [9] [10] [11] The variability could be explained by the definition for NIHL and the damage-risk criteria for hearing loss, which are directly adopted from occupational settings. Epidemiologic research revealed significant poorer hearing thresholds caused by listening to PMPs for more than 7 h/wk compared with those using PMPs for 2 to 7 h/wk or the controls. 12 Also, a decline in click-evoked otoacoustic emissions was significantly correlated with a history of PMP use. 13 Others found no significant hearing deterioration caused by PMPs, 14 and, moreover, PMPs were considered less risky to hearing than nightclubs or discotheques. 15, 16 Nevertheless, there seems to be a general consensus that PMPs are potentially hazardous for hearing.
Excessive noise exposure can lead to metabolic and/or mechanical effects resulting in alterations of the structural elements of the organ of Corti. 17 The primary damage is concentrated on the outer hair cells, which are more vulnerable to acoustic overstimulation than inner hair cells. 18 Otoacoustic emissions (OAEs) are thought to reflect the nonlinear active processes of the cochlea based on the motile activity of the outer hair cells. Therefore, an amplitude reduction or loss of OAEs may reflect outer hair cell damage due to noise exposure. 19 The OAEs can be used to assess existing subclinical outer hair cell change and preclinical frequency-specific hearing loss. 20 Additional research regarding the usefulness of OAEs to detect minimal cochlear damage after loud music exposure is needed on a short-term as well as on a long-term basis.
The purpose of the present study was to measure the A-weighted equivalent SPLs of a commercially available MP3 player on a HATS using 2 different headphone styles at various preset gain settings. Furthermore, the shortterm effects on the auditory system of young adults listening to the MP3 player for 1 hour were evaluated.
METHODS

OUTPUT MEASUREMENTS
Recording Equipment, MP3 Player, Headphones, and Music
Output measurements were conducted in a quiet room with the right ear simulator (Type 4158c) of a HATS Type 4128c (Brüel & Kjaer, Naerum, Denmark). The microphone's response was registered using a Modular Precision Sound Analyzer Type 2260 Investigator (Brüel & Kjaer) set at fast exponential time weighting. Calibration of the ear simulator was performed daily with a pistonphone Type 4228. Both the overall equivalent continuous A-weighted SPL (L Aeq,T ) and the 1/3-octave band level (dBA) between 0.2 and 10.0 kHz were of interest. An iPod Nano 2 GB MP3 player (model A1199, second generation; Apple Inc, Cupertino, California) was bought for measurement purposes only, and the battery of the iPod was fully charged each time. The volume bar on the display was marked carefully to ensure reproducible measurements at gain settings 50% to 100% of the volume bar with a 5% step size. Two different types of headphones were coupled to the pinna of the HATS: the stock iPod earbuds (Apple Inc) and supra-aural OMX 52 Street Clip-on headphones (Sennheiser Inc, WedemarkWennebostel, Germany). According to the manufacturers, the frequency ranged from 0.02 to 20 kHz for the earbuds and from 0.017 to 21 kHz for the supra-aural headphones. The impedance of both earphone types was 32 ⍀.
The music sample consisted of 17 songs from the CD Afrekening Volume 37 (PIAS, Brussels, Belgium), which is a compilation CD from the hit lists of a popular Flemish radio station. The genre of the CD can be described as pop-rock, and all participants enjoyed listening to this music compilation. In Table 1 , the artist name, song title, and duration of each track are provided. The compilation lasted exactly 1 hour, 1 minute, and 55 seconds, or 3715 seconds (reported from here on as 1 hour). The iTunes software (Apple Inc) was used to convert the tracks into an MP3 format at a bit rate of 160 kB/s.
Data Analysis
The measurements were analyzed using Noise Explorer Type 7815 software, version 4.5 (Brüel & Kjaer) and exported to Excel spreadsheets (Microsoft Inc, Redmond, Washington). The L Aeq,T was calculated where T represents 1 hour for the whole CD and Tt, the duration of a track. Although the effect of noise on the auditory system of humans is more accurately described using the SPL at the eardrum, free-field-related SPLs normalized to 8 hours are commonly used for comparing the data with criteria stipulated in the European Directive 2003/ 10/EC regarding noise exposure of workers. 21 Therefore, the L Aeq,8h of 1 hour of music exposure through an MP3 player was calculated as L Aeq,8h =L Aeq,Te ϩ 10 log 10 (T e /T o ), where T e is the actual exposure (1 hour) and T o is the reference duration (8 hours). Moreover, the at-ear SPL was converted to the freefield-related SPL by means of a head-related transfer function, which includes the effects of the head, torso, pinna, ear canal, and ear simulator. Hammershoi and Moller 22 derived standard free-field-front head-related transfer function data at 1/3-octave frequency bands, which are used in the present study.
HEARING MEASUREMENTS Participants
First, the noise exposure group listening to pop-rock music for 1 hour included 10 men and 11 women aged 19 to 28 years. Second, the control group included 14 men and 14 women, also ranging in age from 19 to 28 years. All voluntarily participated in the study, which was approved by the local ethical committee, and gave their informed consent in accordance with the Declaration of Helsinki. Participants were enrolled in the study if they had no recent history of ear disease and no noise or music exposure during the past 48 hours. Furthermore, normal otoscopic examination was necessary, and only ears with type-A tympanogram, measured with an 85-dB SPL probe tone at 226 Hz, and a normal ipsilateral acoustic reflex threshold at 1000 Hz were included (TympStar; Grason-Stadler Inc, Eden Prairie, Minnesota).
Experimental Design
A maximum of 6 sessions of listening to an iPod Nano MP3 player were completed by the noise exposure group with at least 48 hours between 2 successive sessions. To reduce variability in listening levels, 4 sessions were conducted at preset gain setting 50% or 75% with the stock iPod earbuds or supra-aural Sennheiser headphones. Then, 2 additional sessions with both headphone styles were conducted at a gain setting of more than 75%, which was individually determined and defined by the participant as a loud but comfortable setting. Six participants did not listen to music at a gain setting higher than 75% because these higher gain settings were no longer comfortable for them. The remaining 15 participants listened at gain setting 90% (1 man and 2 women) or 100% (6 men and 6 women). Hearing status was evaluated before and after 1 hour in both groups by pure-tone audiometry, transient-evoked OAEs (TEOAEs), and distortion product OAEs (DPOAEs). All hearing tests were conducted in a double-walled sound-attenuated booth. Only 1 ear per participant was tested at random to obtain an equal number of left and right ears per sex. Because the number of participants was too small to account for the effect of test order, a fixed order was used. The TEOAEs were conducted first, followed by DPOAEs and pure-tone audiometry. After the listening session, hearing tests were immediately performed, and it was possible to keep the test duration within 10 minutes. The design of the study is summarized in Table 2 .
Pure-tone air conduction thresholds were obtained using the standard clinical modified Hughson-Westlake method with a 5-dB step size at octave frequencies from 0.25 through 8.0 kHz in complement with half-octave frequencies 3.0 and 6.0 kHz (Orbiter 922 Clinical Audiometer with TDH-39 headphones; Madsen Electronics, Taastrup, Denmark). All participants had normal hearing during the preexposure measurements; ie, hearing thresholds equal to or better than 25-dB hearing level at all tested frequencies. An ILO (Institute of Laryngology and Otology) 288 USB II module (Otodynamics Ltd, Herts, England) in complement with the ILO software, version 6, and DPOAE probe was used for both OAE measurements. Probe calibration was performed at the beginning of each session using the 1-cm 3 calibra- Abbreviations: dBA, A-weighted decibels; ellipses, not applicable; L Aeq,T , equivalent continuous A-weighted sound pressure level for the duration specified. tion cavity provided by the manufacturer. First, for TEOAEs, the nonlinear differential method of stimulation with rectangular pulses of 80 µs at a rate of 50 clicks per second was applied. Clicks were evoked with an intensity of 80±3-dB peak SPL, and registration was stopped after 260 accepted sweeps. The noise rejection setting was set at 4 mPa (46.0-dB SPL). The emission and noise amplitudes at half-octave frequency bands with center frequencies 1.0, 1.4, 2.0, 2.8, and 4.0 kHz were calculated by the ILO software. The TEOAEs were considered present if the emission amplitude relative to the noise floor (signal to noise ratio) within each corresponding half-octave frequency band was greater than 0 dB. When the criterion was not met at preexposure measurements, the emission and noise amplitudes were treated as missing data. Across half-octave frequency bands, 1.55% of the data points were treated as missing data. In some cases, TEOAEs could be considered present at preexposure measurements but were below the noise floor at postexposure measurements. To ensure use of more data, the postexposure emission amplitudes were substituted for the postexposure noise floor if this noise floor was smaller than the preexposure emission amplitude. When the postexposure noise floor exceeded the preexposure emission amplitude, the preexposure and postexposure measurement emission and noise amplitudes were considered to be missing data. This substitution was limited so that detectable changes were not the consequence of fluctuations in the noise floor. This resulted in 1.38% of the additional data points being treated as missing data and 1.03% substitutions. Second, DPOAEs were evoked using 2 primary frequencies, f1 and f2, with f2/f1=1.22 and primary frequency f2 ranging from 0.842 to 7.996 kHz. Primary tone level combination L1/L2=75/70-dB SPL was used to ensure an optimal signal to noise ratio and reduce the amount of missing data. Furthermore, a noise artifact rejection level of 4 mPa (46.0-dB SPL) was applied. The emission and noise amplitudes were averaged into half-octave frequency bands, where f2 ranged from 0.842 to 1.189 kHz, 1.297 to 1.542 kHz, 1.682 to 2.181 kHz, 2.378 to 3.084 kHz, 3.364 to 4.362 kHz, 4.757 to 6.727 kHz, and 7.336 to 7.996 kHz, respectively, for halfoctave frequency bands with center frequencies 1.0, 1.4, 2.0, 2.8, 4.0, 6.0, and 8.0 kHz. The DPOAEs were considered present if the emission amplitude was larger than the noise level (signal to noise ratio Ͼ0 dB) within each corresponding frequency region. When this criterion was not met at a particular frequency, emission and noise amplitudes were treated as missing data for the preexposure and postexposure measurements. In total, 3.52% of the data points across frequencies were considered to be missing data. The TEOAE and DPOAE data analysis techniques have been described elsewhere.
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Data Analysis
Statistical analysis was performed using SPSS statistical software, version 15 (SPSS Inc, Chicago, Illinois). Three-way repeated-measures analysis of variance with measurement (preexposure vs postexposure), gain setting (50%, 75%, and Ͼ75%), and type of headphones (earbuds vs supra-aural headphones) was conducted to evaluate the changes in audiometric thresholds or OAE amplitudes. When the significance level was reached (PϽ.05), post hoc least significant difference (LSD) test with Bonferroni correction was executed between the conditions of interest (ie, preexposure and postexposure measurements). Second, the recovery of hearing thresholds or OAE amplitudes between the first and each subsequent preexposure measurement was analyzed by 1-way analysis of variance using PϽ.05 and a post hoc LSD test. Third, based on the standard error of measurement (SEM) from the control group, significant threshold shifts (STSs) for pure-tone audiometry as well as significant emissions shifts (SESs) were derived. The SEM estimates the magnitude of significant changes within a subject. It is calculated as SEM=s ͱ (1−ICC), where s represents the standard deviation of all measurements and ICC is the 2-way random intraclass correlation coefficient between the preexposure and postexposure measurements. The 95% confidence interval of the minimal detectable difference was calculated as 1.96 ͱ 2SEM and can be considered a real change in a participant's score above measurement error. The minimal detectable difference was rounded up to the next step size: 5-dB hearing level for puretone audiometry and 0.1-dB SPL for OAEs. The percentage of significant shifts was determined in the control group, as well as in each session of the noise exposure group. Missing data reduced the valid number of cases for the calculation of the percentage to at least 26 and 14 ears for the control and noise exposure groups, respectively. These missing data were caused by the data-cleaning process and the absence of data from 6 individuals who did not listen at gain settings above 75%. Because the preexposure measurements were subtracted from the postexposure measurements, positive or negative results were possible. Therefore, an STS-or SESϩ was defined as an improvement in hearing, whereas an STSϩ or SES-represented a deterioration in hearing. Then, across frequencies, six 2ϫ2 contingency tables using a 2 test were calculated (PϽ.05) to evaluate whether the occurrence of hearing deterioration differed between the control and each session of the noise exposure group. Finally, the odds ratios were determined as the odds of hearing deterioration in the noise exposure group divided by the odds of hearing deterioration in the control group.
RESULTS
OUTPUT MEASUREMENTS
At gain settings 50% to 100%, the L Aeq,1h of the iPod Nano ranges from 76.87 to 102.56 dBA for the earbuds and from 71.69 to 97.36 dBA for the supra-aural headphones ( Table 3) . For these gain settings, the earbuds were a mean (SD) of 5.55 (0.59) dB (range, 4.77-6.34 dB) higher than the supra-aural headphones. The 1/3-octave spectrum of both headphone styles at full gain setting is illustrated in Figure 1 . At all 1/3-octave frequency bands, the output levels of the earbuds exceeded those of the supra-aural headphone except at 2.5 kHz. A distinct peak in the spectrum of the supra-aural headphones was seen at this frequency band. Table 1 summarizes the L Aeq,T for the whole CD and per track for both headphone styles at the full gain setting of the iPod Nano. The difference between the quietest and loudest tracks is 9.32 dB for the earbuds and 10.82 dB for the supra-aural headphones. Conversion of the L Aeq,T for 1 hour of pop-rock music to an 8-hour free-field corrected equivalent continuous SPL revealed levels for gain settings 50% to 100% ranging from 61.18 to 87.43 dBA and from 51.61 to 77.11 dBA for the stock iPod earbuds and the Sennheiser supra-aural headphones, respectively (Table 2) .
HEARING MEASUREMENTS Noise Exposure Group
Figure 2 displays group mean audiometric thresholds for preexposure and postexposure measurements, different headphone styles, and gain settings. A 3-way repeated-measures analysis of variance showed a significant 1.12-dB and 1.17-dB deterioration in hearing thresholds between preexposure and postexposure measurements at 0.25 kHz (F 1,14 = 7.00; P Ͻ .05) and 8.0 kHz (F 1,14 =4.92; PϽ.05), respectively. There were no significant main effects at other frequencies. There was a significant 2-way measurement ϫ headphone interaction only at 2.0 kHz (F 1,14 =16.10; PϽ.001). A Bonferroni correction was applied to the results of the post hoc LSD test. Therefore, the familywise significance level PϽ .05 was divided by 2, representing the 2 comparisons of interest, yielding a significance level of PϽ.025. The hearing threshold deteriorated significantly (P Ͻ.025) with 1.78 dB between the preexposure and postexposure measurements for the supra-aural headphones. Furthermore, there was no significant 2-way interaction for measurement ϫ volume nor was there a 3-way interaction. The post hoc LSD tests with Bonferroni correction were used to establish the gain setting contributing to the measurement ϫ volume interaction. Because 3 comparisons were of interest, a significance level of PϽ.017 was used, but no significant changes could be established. In addition, there were no other significant 2-way or 3-way interactions.
Group mean DPOAE amplitudes for earbuds and supra-aural headphones at gain settings 50%, 75%, and more than 75% for the preexposure and postexposure measurements are shown in Figure 4 . There were no significant changes in DPOAE amplitudes for the main effect or for the 2-way interactions measurement ϫ headphones or measurement ϫ volume. However, there was a significant 3-way interaction at 8.0 kHz (F 2,22 = 4.65; PϽ .05). For the post hoc LSD tests, a significance level of P Ͻ.008 after Bonferroni correction (6 comparisons) was used. No significant effect could be established.
Recovery
One-way analysis of variance with a post hoc LSD test revealed no significant differences between the first and each consecutive preexposure measurement for hearing thresholds or for TEOAE and DPOAE amplitudes at any test frequencies.
Individual Differences
The SEMs for pure-tone audiometry indicate higher variability at the lowest frequencies, 0.25 and 0.5 kHz, and highest frequencies, 6.0 and 8.0 kHz ( Table 4) . Despite this frequency dependency, the STSs equal 10 dB for all frequencies owing to rounding up to the next step. The 2 test revealed statistically significant differences in incidence of STSϩbetween the control group and each session of the noise exposure group except for the comparison between the controls and the session with earbuds at gain setting 75%. The odds for hearing deterioration were 4.40 and 3.97 times greater in the noise exposure group with earbuds at 50% ( 2 =22.19; PϽ.001) and above 75% ( 2 = 17.00; P Ͻ.001), respectively, compared with the control group. For the supra-aural headphones, these odds were 3.87, 2.18, and 3.67 times larger for the noise exposure group with supra-aural headphones at 50% ( 2 = 19.28; P Ͻ.001), 75% ( 2 = 5.47; PϽ.05), and above 75% ( 2 = 17.92; P Ͻ.001). Table 5 shows the SEMs, SES criteria, and percentages of SESs-and SESsϩfor the TEOAEs and DPOAEs at each half-octave frequency band. First, for the TEOAEs, the SEMs, and accordingly the SESs, are larger at the lowest frequency bands. The SES criteria range from 1.6 to 2.6 dB. Statistically significant results were found for the incidence of SESs-between the control group and each session of the noise exposure group except for the session with the supra-aural headphones at gain setting 75%. The SESs-were 0.44, 0.30, and 0.35 times more likely for the noise exposure group compared with the controls for the session with earbuds at 50% ( 2 =6.07; PϽ.05) and 75% ( 2 = 12.25; P Ͻ .001) and supra-aural headphones at 50% ( 2 =9.33; P Ͻ.01), respectively. For the highest gain settings, the odds were 4.70 and 5.96 times greater in the noise exposure group with earbuds ( 2 = 11.30; P Ͻ .001) and supra-aural headphones ( 2 =14.40; PϽ.001), respectively, compared with the control group. Second, the SEMs for DPOAEs are considerably higher at half-octave frequency bands 1.4 and 8.0 kHz. Accordingly, the SES criteria ranged from 0.9 to 3.2 dB. The 2 test was statistically significant for all comparisons between the control group and each session of the noise exposure group. The deterioration in DPOAEs was 2.64, 3.00, and 7.72 times higher for the noise exposure group with earbuds at 50% ( 2 =12.22; PϽ.001), 75% ( 2 = 15.36; P Ͻ .001), and above 75% ( 2 = 47.60; PϽ.001), respectively, than for the control group. Accordingly, the odds for SESs-were 2.36, 3.88, and 4.31 times greater for the supra-aural headphone sessions at 50% ( 2 =8.75; P Ͻ.01), 75% ( 2 = 23.51; P Ͻ.001), and above 75% ( 2 = 24.56; P Ͻ.001), respectively.
COMMENT
The popularity of PMPs has caused a widespread concern regarding their potentially hazardous effects on hearing. Literature regarding temporary hearing damage after listening to PMPs revealed some shortcomings, as well as considerable variability in methodological design. First, only a few studies account for the test-retest variability of the measurement technique by including a control group 24 or considering threshold shifts of at least 10 dB to be significant. 25 Second, user-preferred listening levels were generally determined with standard supra-aural headphones, [26] [27] [28] earbuds, 29 or user-preferred headphones 25 and were measured on an artificial ear with coupler 25 or via a miniature microphone in the external ear canal. 26, 27, 29 These levels were mostly free-field corrected. [26] [27] [28] Remarkably, 1 study on temporary threshold shift 24 did not perform output measurements to relate with the changes in hearing. Third, music exposure ranged from 1 hour to 3 hours with different genres of music. 24, 25, 30 Finally, changes in hearing sensitivity were mainly examined by means of audiometry; only 1 study measured synchronized spontaneous OAEs and DPOAEs following 30 minutes of rock music at 85 dBC (C-weighted). 29 Considering the differences in methods among and even within studies (eg, music genre varying among participants), it is difficult to make general statements regarding the short-term effects of listening to PMPs. Therefore, the present study evaluated the temporary changes in hearing by pure-tone audiometry, TEOAEs, and DPOAEs after 1 hour of listening to 1 music sample via multiple preset gain settings on 1 type of MP3 player and 2 different provided headphone styles. In the present study, no significant changes were seen between preexposure measurements, which indicates that the threshold and emission shifts were temporary and that these shifts recovered to preexposure baseline measurements between the sessions.
The results of this study revealed a statistically significant main effect preexposure and postexposure for the TEOAEs at 2.0 and 2.8 kHz, whereas no significant mean changes were found for the DPOAEs. However, the odds ratios of hearing deterioration in the noise exposure group compared with the control group were higher for the DPOAEs than the TEOAEs. Also, the occurrence of significant DPOAE shifts were mostly seen at 6.0 kHz, which has been previously reported. 29 A possible explanation for the difference in sensitivity for NIHL between the OAE types can be explained by the higher testretest reliability of DPOAEs compared with TEOAEs 31 and by the generation mechanism of both OAEs. In the present study, DPOAEs were measured at 8 points per octave to preserve their frequency specificity and then averaged into half-octave frequency bands. Hence, reliability was increased, and the shift required to be significant was reduced. As such, the sensitivity of DPOAEs to detect minimal cochlear damage may be higher than at individual frequencies in DPOAE measurements. 29 Moreover, direct comparison with TEOAEs in half-octave frequency bands from 1.0 to 4.0 kHz became possible. Three of 5 half-octave frequency bands had lower SEM values for the DPOAEs than the TEOAEs but failed to reveal any significant mean changes in cochlear function after noise exposure. This might indicate that the generation mechanisms seem to be the dominating factor. The OAEs are a mixture of emissions produced by linear reflection and nonlinear distortion. 32 Because of these differences in generation mechanisms between the OAE types, it is plausible that outer hair cell damage after noise exposure is better detected with TEOAEs than with DPOAEs. This is consistent with the hypothesis of Shera. 32 However, DPOAEs were measured with the primary tone level combination L1/L2 = 75/70-dB SPL. At these high-level primaries, test-retest reliability of DPOAE amplitudes is higher 33 but their sensitivity for inner ear changes might decrease. 34 Primary tone levels in the range of 60/35-dB SPL or 55/30-dB SPL are suggested. However, the delivered stimuli of the DPOAEs are restricted to 40-dB SPL for the ILO 288 USB II module, making use of this range of stimuli levels impossible. Moreover, by reducing the stimulus levels, the signal to noise ratio lowers and, consequently, the amount of missing data would increase, which was obviously not desired in the present study. Furthermore, it must be emphasized that hearing measurements were conducted in a fixed order. Therefore, it is possible that TEOAEs and DPOAEs, even within the 10 minutes after the listening session, were performed at different points in the recovery process, 35 which could also explain the difference in sensitivity of both types of OAEs to noise exposure.
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There was also a statistically significant worsening of audiometric thresholds after the listening sessions at 0.25 and 8.0 kHz. Increased SEM values were also noticed at these lowest and highest frequencies. The tension of the headband and resiliency of the earphone cushion can result in a small displacement of the earphone, which could be a source of variability between preexposure and postexposure measurements. For OAEs however, it is possible to control the probe fitting to some extent using the stimulus check procedure, which visualizes the stimulus oscillogram and spectrum. A biphasic stimulus oscillogram without a significant amount of ringing and a flat stimulus spectrum should be aimed for at the first measurement in one ear. At any successive measurement, a similar stimulus pattern should be achieved. Besides this test-retest variability, audiometry is clinically measured with a 5-dB step size. Thus, although there is a smaller test-retest variability at the midfrequencies 1.0 to 4.0 kHz, only changes in hearing thresholds of at least 10 dB can be considered to be significant owing to this step size. This possibly explains why small changes in hearing sensitivity cannot be detected using audiometry. Furthermore, audiometry requires a subjective response by the participant and assesses the entire auditory system. In contrast, OAEs are an objective measure 
